U NILATERAL renal disease is an infrequent cause of hypertension, occurring in less than 2 per cent of unselected hypertensive patients.' Such a small proportion of patients with unilateral renal disease respond to removal of the affected kidney that hypertension per se is not considered an indication for nephrectomy. Hypertensive patients with unilateral renal arterial stenosis form an even smaller group, but their response is good to surgery performed before the development of extensive vascular disease involving the contralateral kidney. 3' 4 Ureteral catheterization or aortography may lead to earlier diagnosis and better surgical results in this conidition, but associated technical difficulties, inconvenience, and complications of these procedures have limited their use in screening hypertensive patients in the incipient stages of the disease.5' 6 A simple and innocuous technic has been developed that demonstrates the excretion of I131-Diodrast by each kidney.7 This radioscopic method has been modified for the early diagnosis of unilateral renal disease by the use of carrier Diodrast and a ratiometer.i In this report the findings with I131-Diodrast are compared with the results of intravenous pyelography, ureteral catheterization, and surgieal exploration or autopsy.
Materials and Methods
Two hundred and twentv-six hypertensive patients were studied with both 131-Diodrast and intravenous pyelography; 49 of these were also studied by retrograde ureteral catheterization. When catheterization demonstrated a decrease in sodium concentration (at least 15 per cent) and volume (at least 50 per cent) of the urine from one kidney as compared with the other kidney, the results were interpreted as a "positive Howard test."9 All other technically satisfactory results were termed negative; when insuffieient urine was obtained from one kidney, the study was termed unsatisfactory. Forty were surgically explored: of these, 15 were subjected to unilateral nephrectomy, 3 underwent unilateral adrenaleetomy, and the remainder submitted to lumbodorsal sympathectomy and renal biopsy. Except as noted in the text, all patients were studied with I131-Diodrast prior to surgical exploration.
Patients drank about a quart of water in the hour prior to the I131-Diodrast studies. They were then placed in a sitting position with radiation detectors directed horizontally at the renal areas normal to the skin surface. Monitoring sites were selected with the aid of available x-ray films. An intravenous infusion of 300 mil. of 5 per cent dextrose in water containing 1 Gmii. of Diodrast was administered at a rate of 2 nil. per minute throughout the study; 2.5 ml. of 35 per cent Diodrast solution (1 Gm.) were injected directly into the rubber tubing of the infusion; this was followed by the rapid injection of 20 mierocuries of I13l-Diodrast (approximately 0.1 mg.).* The radioactivity that appeared in the separate renal areas was measured with 2 collimated scintillation detectors, a counting rate meter, a ratiometert and a dual-ehannel linear recorder.t The counting rate in one renal area was recorded on one side of the recorder (the direct kidney tracing) and the ratio of the counting rate in one renal area to the total counting rate in both renal areas on the other side of the recorder (the ratiom- The normal trarings. The left kidney tracing is a direct recording of the counting rate of the left renal area. When both renal areas have equal counting rates, the ratiometer tracing is in the midline, indicating a ratio of right to left kidney radioactivities of 50/50. Deflections away from the midline indicate increased radioactivity in one renal area relative to the other.
For the ratiometer tracing, pulses from the sodium iodide crystals (1" by 1") were passed from probe-type preamplifiers through pulseheight selectors to scaling strips, and then into the ratiometer. The pulse-height selectors were set immediately below the absorption peak of the primary I131 gamma rays (364 kev.) to eliminate scattered secondary gamma rays. With a source at equal distance from the detectors, counting rates were balanced out at the midline of the ratiometer tracing by final adjustment of the pulseheight selectors. The ratiometer tracing recorded ratio of counting rate of one kidney to sum of counting rates of both kidneys, with a time constant dependent on the counting rates. This minimized statistical variation of plotted ratios.
From the direct kidney tracing, replotted on semi-logarithmic paper, a rate of uptake of I"'1-Diodrast by one kidney was derived in the following manner ( fig. 2A ). Slope of the excretory phase was extended back to its intercept with the ordinate. At 20-second intervals following appearance of radioactivity in the renal area, recorded uptake was subtracted from the extended excretory slope and the difference was plotted. The half-time value in seconds of the straight line so obtained was termed "'T½/2 uptake." "T1/2 exere-tion"' was derived from the excretory slope, and the time required to reach peak uptake was also noted. No correction was attempted for extrarenal and background radioactivity.
From the ratiometer tracing, ratios of counting rates of the separate kidneys could be derived at selected times after the dose ( fig. 1 and 2B). With equal counting rates in the 2 kidneys, the plotted ratio of one counting rate to the combined counting rates was 0.5 (midline on the graph). Differences in the counting rates of the separate kidneys were shown by a shift in the ratiometer tracing away from the midline. The direction of this shift (right or left) was determined by the placement of the detectors in relation to a unilaterally diseased kidney. Percentages of total counting rate contributed by each kidney could be determined from the graph at selected intervals. Ratios of the 2 counting rates were then expressed as a ratio of these percentages. An index of any change that occurred in one counting rate relative to the other, shown by a change in this ratio, was derived as follows. Near peak uptake in the direct kidney tracing, ratio "A" was determined by placing the higher percentage in the numerator if an initial shift in the ratiometer had occurred at this point. Deter-mination of "T12 uptake,' "T' 2 excreti'on,"' and the indices of secondary shifts of the ratiometer. A. On semii-logar-ithmic paper a straight line for excretion is obtained and used to determine Ti/2 upta,ke. B. The hatched area emphasiZed differences between kidneys (cf. fig. 1 ). At point "A"' the left kidntey contained GO per cen;t of the. total activity in both rienal areas, and the ratio between the kidneys was 1.5. A -t poinzt "B" this ratio was 1.0, and at point "C," 0.8. The ratios at "B" and at "C" are subtracted from the ratio at "A" to obtain indices of the observed secondary shift in the tracing. the ratioiimeter tracing, aver a 05-minute interval and the ratio was again determined (at B). At the point of greatest subsequent change, the ratio was also determiined (at C). Ratio at A minus ratio at B (A-B) and ratio at A minus ratio at C (A-C) were calculated as indices of secondary shifts occurring after peak uptake in the direct kidney tracing.
The tracings were continued for 30 minutes, at which time a urine sample was collected to determ-ine the p-er cent of the dose excreted.
Results

Interpretation of the Tracings
Simple inispection of the tracings usually sufficed to rule out or in a unilateral renial lesion. In the absencee of unilateral renal disease, there was good agreemenit betweenr " Ti2.
Circulation, Volume XXII, November 1960 uptake " of the direct kidnley tracinig and the 30-minute urinle excretioni of 1131-Diodrast (r = 0.873, fig. 3 ). The uptake also correlated well with the time of peak radioactivity (r 0.93). In patients withonut evidence of unilateral renal disease, little deflection of the ratiometer tracing, from the midline was observed, reflecting, a similar uptake and excretioni of I'31-Diodrast by the 2 kidneys Comparison of T1/2 upta'ke and urine excretion of I'31-Diodrast. Values for a T1/2 uptake derived from direct kidney tracings are compared with the 1131-Diodrast excretion in the urine in 30 minutes. Some low excretion results may have been due to errors in bladder emptying. This correlation did not hold in patients with unilateral renal disease. stant ratiometer recordinig was obtained after peak uptake (type 1) ( fig. 4 ). Such differences in uptake usually correlated well with differences in I'31-Diodrast excretion determined by bilateral ureteral catheterization, but similar tracings were also seen with differences between the kidneys in counting geometry. Type 1 tracings were not observed with proved unilateral renal arterial stenosis. Minor secondary shifts in ratiometer tracings could be observed late in the excretion phase, due to decreasing renal radioactivity relative to tissue background radioactivity, in the absence of unilateral renal disease.8 An obvious secondary shift occurring soon after peak uptake, with or without an initial shift of the ratiometer, indicated delayed exeretioii of I131-Diodrast by one kidney compared to the other (type 2) ( fig. 5 ). All patients witb proved unilateral renal arterial stenosis had type 2 tracings.
Correlation of Calculated Indices with Ureteral Catheterization, Surgical Exploration, or Autopsy
All patients with secondary shift indices (A-C) less than 0.3 showed ilo evidenees of relative unilateral renal disease by ureteral catheterization studies, surgical exploration, or autopsy; therefore, sueh T131-Diodrast results were considered normal ( fig. 6 ). Patients with either proved unilateral renal arterial stenosis or parenchymal disease always had (A-C) indices of 0.3 or greater, attributed to relative retention of J131-Diodrast in the kidney with diminished urine flow, which were therefore considered abnormeal. Except for I patient, the index (A-B) was equally discriminatory. Such patients demonstrated higher indices with higher urine flows, due presumably to greater differences in the washout of I131-Diodrast from the separate kidneys ( fig. 7 ). In patients with a "' non-functioning ' kidney by intravenous pyelography, caleulated indices were even higher (table 1) .
Abnormal I131-Diodrast results were seeni with a differeiiee between the kidneys in urine flow, with or without differenees in urine sodium concentration. Calculated ilndices of differences in rates of 131-Diodrast exeretion by the 2 kidneys were compared with differences in urine flow noted at the time of ureteral catheterization ( fig. 8 ). Although the two sets of observations were made under different conditions, the indices usually predicted the observed urine flow differenees between kidneys. Exceptions occurred in patients with obstructive uropathies in whom the ureteral catheter was passed beyond the site of obstruction.
Among 23 patients with normal 1131 -Diodrast results, ureteral catheterization revealed no significant differences between the kidneys in sodium and water excretion ( Figure 5 The type 2 tracing, indicating a secondary shift in the ratiometer. Both diminished uptake and delayed excretion of I131-Diodrast by the affected kidney was observed (ef fig. 4 ).
Circulation, Volume XXII, November 1960 -RATtOMTER TRACING- Comparison of secondary shift indices with iun-cteral catheterization (Howard test), surgery, or autopsy. Positive, negative, or unsatisfactory Howard tests were observed in patients with indices noted in the two columns on the left. In the two right-hand columns, pathologic differences between the kidneys or renal arteries are correlated with the indices. Patients with bilatera'l renal disease at autopsy or by biopsy were considered to have no differences between kidneys; in such patients, the direct kidney tracings were abnormal. had abnormal f131-Diodrast results. Five additional patients with abnormal I131-Diodrast results had such extensive unilateral renal disease that no urine could be collected from the affected side (B.S., S.C., A.L., A.W.. C.W., table 1).
Forty of the patients were surgically explored (table 3) . Fifteen patients with uniilateral renal disease at nephrectomy had abnormal I131-Diodrast results. Among the 40 explored, 25 patients without surgically idelltified renal disease had normnal I131-Diodrast results. Among the 15 patients with unilateral lesions, 12 had abnormal intravenous pyelograms, while pyelograms of 3 were interpreted as being normal. Two of the 25 patients without surgically demonstrable disease had abnormal intravenous pyelograms.
Correlation of the I'2-Diodrast Results with Intravenous Pyelography
In 226 patients, intravenous pyelograms were available for comparison with the I131-Diodrast results (table 4). One hundred and seventy-one of the 174 patients with intra- Because of the occasional disagreement between the results of intravenous pyelography and I131-Diodrast studies, the latter were repeated in patients with type 2 abnormalities, with use of a dose of carrier J127-Diodrast (20 Gm.) comparable to the doses of contrast media used for intravenous pyelography. The type 2 abnormality diminished with the larger dose of Diodrast (figs. 9 and 10).
Discussion
Experimental findings have suggested that reduced urine flow and sodium concentration may be the initial functional abnormality of a kidney with partial constriction of a main renal artery, and that this may occur without changes in inun in or para-amino hippurate clearances.10 The clinical counterpart may be occasionally observed in patients in whom the renal blood flow may not be reduced into subnormal raiiges (F.G., Appendix), although clearance data in the patient group is not available.5 ' 11 It has been demonstrated in normal subjects that the rate of I131-Diodrast excretion reflects changes in urine flow.8 Two patients in the present report with unilateral renal arterial stenosis had differences between the kidneys in rates of I131-Diodrast exeretioni without obvious differences in "uptake" of I131-Diodrast (F.G., fig. 11 and D.F., (fig. 12 ).
Circulation, Volume XXII, November 1960 In other patients a reduced uptake of I131-Diodrast suggested impairment of renal blood flow in one kidney. The rate of uptake of I'31-Diodrast has been shown to correlate with the 30-minute excretion of I131-Diodrast, and probably is dependent on both renal blood flow and adequacy of the Diodrast transport system.8 In the absence of renal extraction ratios, however, the precise relationship between the uptake of I131-Diodrast and renal blood flow cannot be determined. Therefore, in patients with unilateral renal arterial stenosis and hypertension, a screening procedure sensitive to the early changes in urine flow as well as the later changes in renal blood flow is of value. In addition to our 3 patients, 15 others with proved unilateral partial obstruction of a renal artery have had normal intravenous pye&ograms. 5 6, 12 Difference in uptake of I's'-Diodrast by the 2 kidneys was less following a large dose of carrier I127-Diodrast than with a small dose (figs. 9 and 10). Type 2 tracing in patient F. G., Appendix. Little diffeience in uptake of I151-Diodrast between kidneys was detected, but a delay in excretion from the right kidney was observed (cf. fig. 1 ).
Figure 12
Type 2 tracing in patient D. F., Appendix. No difference in uptake of 1131-Diodrast between kidneys was noted in the first minutes of the test, but a marked delay in excretion from the right kidney was observed. seeretory capacity of the tubules. Therefore, relatively greater amiounlts of Diodrast may appear in the urinie as a result of glomerular filtrationl dur ing pyelography than during I 1 31-Diodrast studies.
In addition, clearaniee studies of contrast media used for intravenous pyelography have shown considerable variation in the degree to which these compounds are excreted by the tubules.13 ' 14 In a study of hypertensive pa- tients with bilateral and unilateral pyelonephritis in whom 13 kidneys were reported as normal by intravenous pyelography, there were 30 to 55 per cent reductions below anticipated effective renal plasma flow in 11 and in 10 there were also 30 to 45 per cent reductions in glomerular filtration rate.15 Three of the 4 kidneys studied were noted to have decreased TmPAI with normal intravenous pyelograms.
The results in patient F.G. (Appendix) suggest certain differences between differential phenolsulfonphthalein excretions determined during ureteral catheterization and the I131_ Diodrast results. Abnormalities in renal funetion that result only in transient delays in exeretion may not be apparent with single 30-minute urine co7lections from each ureter. However, with constant external monitoring of renal radioactivity following I131-Diodrast injection, such slight differences in excretion times may be detected.
The results with I131-Diodrast are abnormal in unilateral renal disease due either to pyelonephritis or to renal arterial occlusion, and in advanced stages, these diseases could not be differentiated. All reported cases with a positive Howard test have had an impaired renal arterial supply.5' 11 Several of our patients with abnormal I131-Diodrast results had negative Howard tests and the affected kidney was not removed, so that an explanation of the abnormal results was not available. One patient with abnormal I131-Diodrast results and a negative Howard test showed an equivocal response to nephrectomy. Several patients with positive Howard tests had renal arterial constriction in addition to pyelonephritis.
There have been reports of hypertensive patients with occlusive disease of a branch of a renal artery who had impaired urine flow from the affected kidney without a concomitant decrease in urine sodium concentration. 16 One of our patients had such a branch lesion (C.R., table 1) with a unilateral reduction in both urine sodium concentration and urine flow. It would appear that arterial lesions sufficient to produce a relative fall in urine volume alone should be detected in the excretion phase of the I131-Diodrast study.
Although the duration of follow-up of the nephrectomized patients in our study is inadequate for long-term evaluation of the results, several points may be made. With early diagnosis, before unilateral renal arterial stenosis had led to gross changes detectable by intravenous pyelography, the results of nephreetomy were excellent. Patients with more advanced unilateral renal disease did less well following surgery (H.D., S.C., B.S.. A.W., L.D., table 1). Early diagnosis of patients with unilateral renal arterial stenosis is therefore important. Summary A procedure utilizing I'31-Diodrast with carrier Diodrast and a ratiometer has been evaluated for the early diagnosis of unilateral renal disease.
Relative differences in function between kidneys demonstrated by this procedure correlated well with findings at surgical exploration or autopsy.
In 3 patients with unilateral renal arterial stenosis who had normal intravenous pyelograms, I'31-Diodrast resul-ts were abnormal.
Although normal I'31-Diodrast results may rule out unilateral renal disease, an abnormal result with I131-Diodrast may be seen with any lesion resulting in urine flow differences between kidneys. I131-DIODRAST STUDIES became prominent but there were no other symptomns. Thereafter he remained in good health until he consulted his physician concerning an upper respiratory infection, 2 weeks before admission. Because of a blood pressure of 210/120, hospitalization was advised.
There was no history of known cardiovascular or renal disease. The patient's mother was observed to have hypertension following a heart attack at the age of 71.
On physical examination the blood pressure was 180/120 in both arms without postural hypotension. Grade-2 hypertension retinopathy was described. The heart and lungs were normal. The abdomen was unremarkable and there was no costovertebral angle tenderness. Laboratory examination showed a normal hemogram; repeated uniralyses showed occasional 1 plus albuminuria and a normal urinary sediment. The serum electrolytes were normal. The electrocardiogram, chest x-ray, and intravenous pyelogram were interpreted as normal.
Prior to nephrectoiiy the patient remainied hypertensive. Both Regitine and Etamon tests were negative. The Howard test, performed twice within a week's interval, disclosed markedly decreased sodium concentration and urine flow from the right kidney. There was no difference in phenolsulfonphthalein excretion from the 2 kidneys. I131-Diodrast results demonstrated no difference in uptake, but significant delay in excretion by the right kidney with an (A-B) index of 0.4 and (A-C) of 0.5 (fig. 11 ).
The right kidney was explored and removed.
No fall in blood pressure occurred upon clamping the renal artery. Four small arteries supplied the kidney, which was otherwise normal pathologically. After the first postoperative day, the patient's blood pressure fell to normotensive levels and has remained in this range during a 7-month follow-up period.
Case 2 D.F., a 49-year-old white male engraver was admitted for evaluation of hypertension of 6 months' duration. The patient was in good health until 6 months prior to admission, when nervousness and headaches appeared. A physician was consulted, and the patient's blood pressure was noted to be 240/145. He did not respond to medical therapy. There was no family history of hypertension or renal disease. Urinary symptoms were absent. Episodes of dizziness and sweating were noted after taking a highball.
On physical examination the blood pressure was 250/210 lying and 274/140 standing, but postural hypotension was noted on several occasions. Funduscopic examination showed grade 2 hypertensive and grade 1 arteriosclerotic retinopathy.
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The lungs and heart were normal. No abdominal masses were felt. There was no costovertebral angle tenderness. There was atrophy of all muscle gflroups and shortening of the left arm due to childhood poliomyelitis.
The hemogram was normiial. Urinalyses showed repeated 1 plus to 2 plus albuminuria, with a rare hyaline and finely granular cast. The excretion of phenolsulfonphthalein was normal. The blood urea nitrogen was 28 mg. per cent and the serum ereatinine was 0.2 mg. per cent. Serum electrolytes were normal. The electrocardiogram showed left ventricular hypertrophy. An intravenous pyelogram was read as normal.
There was good blood pressure response to sedation. A Regitine test was negative. I131-Diodrast results were abnormal, showing a marked decrease in the rate of excretion by the right kidney, with an (A-C) index of 1.9 ( fig. 12 ). A Howard test was positive for right renal disease. At surgical exploration, 2 tiny right renal arteries were noted, which did not pulsate. The left renal artery was normal. Clamping the right renal pediele was without effect on the blood pressure. The right kidney was removed. Pathologic examination showed slight arteriolar nephrosclerosis, focal calcification of the medulla, and tubular vacuolization similar to that seen with hypokalemia. In the first postoperative week, the blood pressure fell to levels of 190 to 160/110 to 80. The blood urea nitrogen was 27 mg. per cent. The patient felt well throughout the period of nitrogen retention and at the time of discharge, 18 days after nephrectomy, the blood pressure was 160 to 140/100 to 90. Summario in Interlingua Es evalutate un metho:lo utilisante Diodrast a I"' con Diodrast como portator e uIn ratiometro in le precoce diagnose de morbo renal unilateral.
Le relative differentias funetional inter le duo renes, demonstrate per medio de iste methodo, monstrava un alte correlation con le constatationes a] exploration chirurgic o al necropsia.
In 3 patientes eon stenosis reno-arterial uinilateral, le pyelogramma intravenose esseva normal, sed le resultatos del studio con Diodrast a 1"n esseva a normal.
Ben que nornmal resultatos obtenite con Diodrast a I"n exclude le presentia de morbo renal unilateral, anormal resultatos pote obtener se con Diodrast a I"n in casos de non importa qual lesion que causa un differentia del fluxos urinari ab le duo renes.
